INTRODUCTION
although food timing did impact alpha diversity of the salivary microbiota, it did not change the 249 overall microbial community structure or any individual taxa. 250 Next, we assessed diurnal rhythms in salivary microbiota. Alpha diversity exhibited a 251 significant time of day variation in both early and late eating conditions ( Table 3) ; these 252 differences were observed for order, family, and genus levels in the EE condition and for phylum 253 and class in LE. Time of day was a significant factor for some individual bacteria (relative 254 abundances) at the taxonomic levels of phylum and genus ( ANOSIM test analyses revealed no significant differences in community structure across time in 260 either eating condition at the taxonomic level of genus (Supplemental Table 7 ). These results 261 show that diurnal rhythm is observed for alpha diversity and some bacterial taxa in salivary 262 microbiota; however, time of day had no effect on overall microbial community structure. 263 Finally, we assessed interactions between food timing condition (i.e., EE or LE) and time 264 of day (two-way rmANOVA) in salivary microbiota. Although food timing condition was not a 265 significant factor, both time of day, and its interaction with food timing condition were 12 significant factors for alpha diversity at many taxonomic levels ( Table 5 ; Figure 3A-D) . These 267 data suggest that the food timing condition influences the daily rhythm in alpha diversity salivary 268 microbiota. from putative short-chain-fatty-acid (SCFA)-producing bacteria (Wilcoxon; P=0.844), (6) 277 butyrate-producing anti-inflammatory genera (Wilcoxon; P=1.00), or (7) overall microbial 278 community analyses at the taxonomic level of genus (ANOSIM: Global R= -0.135, P=0.965) 279 (Supplemental Table 7 ). These findings indicate that early versus late eating did not impact the 280 fecal microbiota of healthy normal-weight women. The composition of the diet (the "what" we eat) has been widely related to microbiota 284 profile (49, 50) . However, whether the "when" we eat influences microbiota in humans is 285 unknown. We now show for the first time that food timing can impact the daily rhythms of the 286 salivary microbiota diversity and abundance even in a group of normal-weight and healthy 287 women with no metabolic alterations. Indeed, only one week of late eating, while keeping the 288 total caloric intake and dietary composition unchanged, caused changes in salivary microbiota.
289
Our randomized, crossover study was designed to maintain constant conditions (energy 290 intake, dietary composition and sleep duration) between both food timing intervention weeks 291 during the whole experiment. Therefore, our data suggest that food timing per se affects daily 292 rhythms in the salivary microbiota. The use of repeated saliva sampling enabled us to capture 293 diurnal rhythms of salivary microbiota in free living conditions in humans. Saliva samples are 294 non-invasive and relatively unobtrusive, and allow serial-sampling across 24 hours. 295 We showed for the first time in human saliva microbiota the presence of daily rhythms in 296 alpha diversity at several taxonomic levels. Interestingly, these diurnal fluctuations were present already at phylum and class level in the LE condition while in the EE, daily rhythms were shown 298 at lower levels, including order, family, and genus. These salivary microbiota results suggest that 299 LE has a larger impact on daily rhythms in alpha diversity than EE. There was a significant effect 300 of time of day as well as an interaction between time of day and food timing condition on alpha 301 diversity at several taxonomic levels in salivary microbiota.
302
In saliva microbiota, it has been recently shown that good oral health is associated with a 303 lower phylogenetic diversity, while inflammatory problems such as periodontal diseases and high 304 BMI are associated with higher diversity (19) . Moreover, in infants, alpha diversity scores in 305 saliva tend to be higher in obese compared to non-obese children across all alpha-diversity 306 metrics (51) . In our late food timing condition, we found higher microbial diversity during the 307 middle of the day as compared to the early food timing condition in salivary microbiota. This 308 would suggest that eating late would drive changes in salivary microbial diversity in a similar 309 direction to that observed in obesity and inflammation (52) . 310 Furthermore, in the fecal samples, although no significant differences were found in diversity 311 and relative abundances between EE and LE conditions, we observed a trend to a higher 312 abundance of Fusobacteriaceae family (P=0.09; FDR-P=0.93) in LE compared to EE condition.
313
Higher abundance of Fusobacterium spp. in the human gut has been associated with an increased 314 risk of intestinal inflammatory diseases and colorectal cancer (53, 54) . In addition, we observed 315 that the fecal sample's abundance of Peptostreptococcacee family tended to be higher (P= 0.07; 316 FDR-P = 0.51) in EE compared to LE. This bacterial family has been described to increase after 317 weight loss interventions in obese and diabetic patients (55) and also, an inverse relationship has 318 been shown with an inflammation marker C-Reactive Protein (CRP) (56) . Therefore, this 319 observation in the gut microbiota under LE conditions may suggest a potential pro-inflammatory 320 profile and a higher risk of intestinal inflammatory-related diseases with late eating in fecal 321 microbiota. Along those lines, a recent observational study has reported significant associations 322 between the relative abundance of several gut bacterial families and the distribution of energy 323 intake before or after 14:00 (24) . Nevertheless, further food timing interventional studies in 324 obese and diabetic subjects are needed to confirm these results. 325 Additionally, food timing affected salivary microbiota diurnal rhythms in individual 326 bacterial taxa. Recently, salivary microbiota in the human oral cavity has been shown to exhibit 327 global daily rhythms in both Firmicutes and Bacteroidetes phylum (57) . Consistently, our 16 To conclude, food timing has an impact on the daily rhythms of human salivary 390 microbiota. Eating late causes changes in the daily rhythm of alpha diversity in salivary 391 microbiota towards an opposite pattern to early eating and in a similar direction to that 392 previously observed in obesity, inflammation, and insulin resistance. Late eating is associated 393 with the presence of diurnal rhythms in the saliva relative abundance of oral sulfate-reducing 394 bacteria and pathobiont microbiota. Although our study provides information on the effect of 395 timing of food intake on the microbiota, further research is needed to explore the complex and 396 dynamic interrelation between food timing, daily rhythms in microbiota composition and health.
397
Our study provides a scientific rational for studying microbiota rhythms as a potential biomarker 398 for risk of metabolic disorders and also as a therapeutic target for metabolic disorders like 399 obesity and metabolic syndrome. 
